Objective: To determine if the sex of the participating parent/child pair is a contributing factor in initial weight loss and maintenance within a family-based obesity treatment program. Design: A 2-year family-based obesity treatment program targeting one overweight parent and one overweight child. Subjects: One overweight parent (body mass index (BMI)X25) and child (X85th BMI percentile) from 164 families. Measurements: Parameters of body weight, including height, weight, BMI, z-BMI, percent overweight (BOV) at baseline and at 6-, 12-and 24-month follow-up time points. Results: Children within the opposite-sex dyads had greater weight loss (Po0.01) at 6-and 12-month time points compared with children in the same-sex dyads. Parents within opposite-sex dyads had significantly greater weight loss at 24 months (Po0.05) compared with those in the same-sex dyads. When individual dyads were examined, the change in child z-BMI after 6 months was greater for the mother-son dyad as compared to the mother-daughter and father-son (Po0.05). For parent z-BMI, the mother-daughter dyad consistently exhibited the poorest results. At 6-and 12-month time points, parents in the motherdaughter dyad lost significantly less weight than parents in all other dyads (Po0.05), and at 24 months, parents in the motherdaughter dyad lost less weight than parents in the opposite-sex dyads (Po0.05). Conclusion: These data reveal that child-parent sex interactions can strongly influence the outcome of obesity treatment when both parent and child are the target for weight loss. The reasons that underlie this effect remain to be determined.
Introduction
Obesity runs in families, and one major familial factor contributing to child overweight is parental overweight. [1] [2] [3] [4] This could be related to a number of factors, including shared family environment and modeling of parental behavior. Family-based behavioral treatment programs were developed to provide simultaneous treatment for the overweight parent and child in order to take advantage of the parents' ability to modify the shared family environment, and to provide role models and support for child behavior change. 5, 6 Several studies have demonstrated that parental involvement significantly improves treatment outcome, [6] [7] [8] [9] and parental weight change and parental activity are significant predictors of child weight change and activity. 4, [10] [11] [12] These data suggest that parental influences are critical determinants of children's attitudes about eating and weight loss and that a closer examination of specific parental attributes may help improve current weight-loss treatments.
There is some indication from the literature that girls and boys respond differently to obesity treatment. 13, 14 To date, no studies have examined how the sex of the parent and child may interact to influence success in family-based obesity treatment programs. Research on mother-daughter interactions and attitudes about eating, dieting, weight loss, and body image 15 has shown mothers who display high levels of dietary restraint and/or try and control their daughters' eating tend to have daughters who are heavier. 16 This suggests conflict may exist between mothers and daughters that might present a barrier to weight-loss success when both mother and daughter are required to adhere to a similar program. Research that has examined mother-son interactions have reported that, unlike daughters, sons are not highly influenced by maternal beliefs about weight, diet and exercise. 17 The purpose of this study was to determine if there were interactions of the sex of the parent and/or the sex of the child with treatment outcomes in children and adults enrolled in a family-based behavioral weight control program that targeted one overweight parent and one overweight child. We studied the four possible types of parentchild dyads: mother-daughter, mother-son, father-daughter, father-son. Since we have shown that parental reports of modeling healthy behaviors are related to child success in weight loss, 18 and previous data shows greater same-sex modeling than opposite-sex modeling, 19, 20 we hypothesized that same-sex parent and child dyads would be the most successful.
Methods

Participants
Participants included one overweight parent and one 8-12-year-old child from each of 164 families for which complete parent and child data were available for the 6-, 12-and 24-month time points. Children were greater than or equal to the 85th body mass index (BMI ¼ kg/m 2 ) percentile and participating parents had a BMI of greater than or equal to 25 kg/m 2 . 21 We chose to restrict our analyses to overweight parents because these parents were more likely than lean parents to be able to lose excess weight if they changed their eating and activity patterns. Potential families were recruited through newspaper advertisements and flyers at doctors' offices. Inclusion criteria included: a child between 8 and 12 years of age, this child X85th BMI percentile, one parent willing to attend all treatment meetings, parent and child literate, no medical problem that would limit exercise, no diabetes or thyroid disease in either parent or child, no current psychiatric disorders (including eating disorders or attention deficit hyperactivity disorder (ADHD)), and no drug abuse. In general, the participating parent was the primary caregiver, but in some cases, the parent who was not the primary caregiver wanted to participate. This same parent remained in the program along with their child throughout the duration of treatment and follow-up. All studies were completed in Buffalo, NY, USA. The number of treatment sessions was similar across all groups. These studies have been previously published, so details of individual studies are not presented.
22-24
Commonalities and differences across studies There are several common features to all of the studies. In each study, a parent was treated along with the child. Weekly treatment meetings were conducted for 8 weeks followed by four bi-weekly meetings, two-monthly meetings, and followup meetings at 6, 12 and 24 months. All families had a weigh-in, an individual meeting with a therapist, and separate parent and child group meetings. Participants were instructed to record their food intake daily and monitor their weight once a week. All families were provided treatment manuals that included information on dietary changes based on the Traffic Light Diet, a physical activity program, and information on parenting.
The treatment variables differed in each study, with equal proportions of adults and children randomized to each treatment. The treatments consisted of comparing increasing physical activity with decreasing sedentary activity, 22 examining the effect of problem solving (either parent and child or child only) on weight loss, 23 and comparison of reinforcement for reduction of sedentary behaviors with stimulus control. 24 
Measurement
Body mass index was calculated from height and weight (kg/ m 2 ), with height measured using a laboratory constructed height board or a stadiometer (Seca, Columbia, MD, USA), and weight measured using a balance beam scale (Healthometer, Bridgeview, IL, USA) calibrated daily. Entry criteria for participants in the initial studies were greater than 20% overweight, while entry criteria for later studies were greater than the 85th BMI percentile, which is labeled as at risk for overweight in youth. 21 The primary dependent measure is z-BMI, calculated based on the mean and s.d. from the sample characteristics that were used to develop the BMI percentiles (BMI -BMI 50th percentile/BMI s.d.). In addition, we also calculated percent overweight, based on the 50th BMI percentile using the following formula ((BMI -BMI 50th percentile/BMI 50th percentile) Â 100). 25 Analytic plan Descriptive statistics were computed for children and parents and included mean and s.d. for age, height, weight, percent overweight, BMI and z-BMI. To determine if the parent-child dyads were distributed evenly among the different studies, a three-way Pearson's w 2 analysis with study group, parent sex, and child sex was performed using Mantel-Haenszel w 2 post hoc tests. The relationship between parent and child sex on weight loss was examined using a three factor mixed analyses of covariance (ANCOVA) with parent and child sex as the between variables and time as the within factor. Child baseline z-BMI was included as a covariate to control for its possible influence on child z-BMI change. Linear contrasts were used to compare differences in the rate of child weight change between same-sex (mother-daughter, father-son) and opposite-sex (mother-son, father-daughter) groups as well as each of the parent-child dyads through 24 months. A similar ANCOVA was used to examine the influence of parent-child sex on parent weight change with parent baseline z-BMI included as a covariate. All data analyses were conducted using Systat software. 26 Weight loss and maintenance in a family-based obesity treatment program JL Temple et al
Results
Baseline descriptive statistics for children and parents by same-sex and opposite-sex dyads through 24 months are presented in Table 1 . For the same-sex group, there were 81 (83.5%) mother-daughter pairs and 16 father-son pairs. For the opposite-sex group, there were 52 (77.6%) mother-son pairs and 15 father-daughter pairs. There were no differences in the distribution of parent-child dyads among the three studies that were combined for the present data set. Child z-BMI change differed over time as a function of parent-child sex controlling for child baseline z-BMI (F(3477) ¼ 3.34), P ¼ 0.019). Children of parents of the opposite sex had greater reductions (Po0.05) in z-BMI changes at 6 months (À1.63) and 12 months (À1.48) than children of parents of the same sex (6 months ¼ À1.22; 12 months ¼ À0.96). There was no significant difference (P ¼ 0.10) in child z-BMI change between the same-and opposite-sex groups at 24 months. As shown in Figure 1a , at 6 months, the mother-son dyad lost significantly more weight than the mother-daughter and father-son dyads (Po0.05). In addition, children in the father-daughter dyads lost significantly more weight than those in the father-son dyads (Po0.05). At 12 months, children in father-daughter dyads lost significantly more weight than those in the mother-daughter dyads (Po0.05). There were no differences in child z-BMI change as a function of parent-child sex at 24 months.
Parent z-BMI change differed over time as a function of parent-child sex controlling for parent baseline z-BMI (F(3477) ¼ 3.21), P ¼ 0.023). Parents of children of the opposite sex had greater reductions (P ¼ 0.026) in z-BMI at 24 months (À0.63) than parents of children of the same sex (À0.39). As shown in Figure 1b , at 6 and 12 months, parents of the mother-son, father-daughter, and father-son dyads lost significantly more weight (Po0.032) than parents in the mother-daughter dyad. At 24 months parents of the mother-son and father-daughter dyads lost significantly more weight (Po0.05) than parents in the mother-daughter dyad. In addition, parents in the father-daughter dyads maintained more weight loss than those in the mother-son dyads at 24 months (Po0.05).
Discussion
The results of this study demonstrate a relationship between the sex of the parent and child and the magnitude of weight loss and maintenance in a family-based obesity treatment program. The child's z-BMI was significantly lower at 6 and 12 months for subjects who participated with their oppositesex parent as compared to those with the same-sex parent. However, these effects were diminished by 24 months. Parents in opposite-sex dyads had a significantly greater change in z-BMI at 24 months as compared to same-sex dyads. When individual dyads were examined, the change in child z-BMI after 6 months was greater for the mother-son dyad as compared to the mother-daughter and father-son (Po0.05). For parent z-BMI, the mother-daughter dyad lost significantly less weight than all other dyads at 6-and 12-month time points (Po0.05), and at 24 months, the motherdaughter dyad lost less weight than the opposite-sex dyads (Po0.05).
The importance of parental influences on the development and treatment of child overweight has been well established. 7 Parents who are obese are more likely to be disinhibited eaters. 27 Parents who display high levels of disinhibited eating, especially when coupled with high dietary restraint, may foster the development of excess body fat in their children and may make weight loss more difficult. 28 Parental prompts to eat 29 and attitudes about eating 7 influence children's eating behavior and the development of obesity. 28 Parental behavior also influences Weight loss and maintenance in a family-based obesity treatment program JL Temple et al treatment efficacy. Reductions in maternal caloric consumption 30 and parental BMI 30 are associated with weight loss in obese children. Because parents strongly influence children's eating behavior 12 and because same-sex modeling is stronger than opposite-sex modeling, 19, 20 we hypothesized that the same-sex parent-child dyads would show greater weight loss and maintenance than the opposite-sex dyads. We found, in general, that for child z-BMI change, opposite-sex dyads did better. For parent z-BMI change, the mother-daughter dyad had significantly poorer outcomes at all time points than some or all of the other groups. Mother-daughter interactions may be particularly important for the development of attitudes about eating, exercise, and weight loss. For example, daughters are more influenced by their mother's concern about their weight status as compared to father's. 31 Mothers' dietary disinhibition has also been shown to be an independent predictor of daughters' overweight. 17 Children's weight status is a predictor of maternal restriction, and greater maternal eating restriction behavior and higher maternal concern is associated with lower perceived physical and cognitive ability in girls. 32 For girls only, maternal restriction is positively associated with higher levels of snack food intake, 32 making weight loss more difficult. Mothers' dietary restraint is also a predictor of the degree of monitoring of daughters', but not sons', eating behavior, even when actual and perceived weight of the child are controlled for. 33 These results coupled with the findings presented here suggest that motherdaughter dyads possess unique characteristics that should be explored further in order to improve weight-loss success in family-based obesity treatment, especially given that mothers and girls are more likely to enroll in these types of programs.
Although the data are lacking to assist in the determination of factors in opposite-sex dyads which influenced the treatment outcome, we can speculate about a few possibilities. First, it is possible that the treatment program gave the opposite-sex pairs a common activity in which to engage, which they may otherwise have difficulty agreeing upon when compared to same-sex dyads. It is also possible that same-sex dyads, mother-daughter in particular, have a higher degree of conflict than opposite-sex dyads, which may interfere with program adherence. One study found that adolescent girls who participated in the program along with their mothers lost significantly less weight than girls who attended separate treatment sessions from their mothers. 7 Finally, there is the potential that same-sex modeling worked in the opposite direction, such that daughters modeled the non-compliant behavior of their mothers and sons did the same with their fathers. A study on gender differences in eating pathology showed that mothers and daughters emotional eating was interrelated, but no relationship existed between mothers and sons. 34 One potential limitation of this study was that fewer fathers (n ¼ 31) participated in the program when compared to mothers (n ¼ 133). This may have occurred because mothers are more likely to be the primary caregivers in the household and, in most families, have more time to attend meetings. Given this, there may be something different about the environment of families in which the father chose to be the participating parent, such as the father was the primary caregiver, the father spent more time at home, or the father was the parent who was overweight and sought treatment. More detailed analyses are needed to determine whether variables that may have influenced that choice of . From 0 to 6 months, the change in child BMI was greater for the mother-son dyad as compared to the father-son and motherdaughter (a ¼ Po0.05). For parent BMI, mother-daughter pairs lost significantly less weight than all other dyads at 6 and 12 months (b ¼ Po0.05) and compared to mother-son and father-daughter pairs only at 24 months (c ¼ Po0.05).
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To our knowledge, this is the first study to report that the sex of the parent is a factor in child's weight-loss when both parent and child are participating in a weight-loss program. This same relationship is not observed when examining the development of obesity. If one parent is obese, the child's weight will be affected regardless of the sex of the obese parent. 1 However, paternal obesity does have a stronger impact than maternal obesity on the overall level of overweight in the child. 1 We examined overweight parents and children who chose to join an obesity treatment program. The results from this study population may, therefore, not be representative of the general population. Regardless, it appears that parental influences can contribute to weight loss and that the opposite-sex parent may be more influential. Further research is necessary to determine mechanisms underlying the modification of parent and child sex on weight loss.
